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Abstract.—An index of biological integrity (IBI) was developed for streams in the Hudson,
Delaware, and Susquehanna River drainages in the northeastern United States based on fish as-
semblage data from the Mohawk River drainage of New York. The original 1BI, developed for
streams in the U.S. Midwest, was modified to reflect the assemblage composition and structure
present in Mid-Atlantic Slope drainages. We replaced several of the Midwestern 1Bl metrics and
criteria scores because fishes common to the Midwest are absent from or poorly represented in
the Northeast and because stream fish assemblages in the Northeast are less rich than those in the
Midwest. For all replacement metrics we followed the ecology-based rationale used in the de-
velopment of each of the metrics of the Midwestern IBI so that the basic theoretical underpinnings
of the IBI remained unchanged. The validity of this modified 1Bl is demonstrated by examining
the quality of streams in the Hudson, Delaware, and lower Susquehanna River basins. The rela-
tionships between the IBI and other indicators of environmental quality are examined using data
on assemblages of fish and benthic macroinvertebrates and on chemical and physical stream
characteristics obtained during 1993-2000 by the U.S. Geological Survey’s National Water Quality
Assessment Program in these threeriver basins. A principal componentsanalysis (PCA) of chemical
and physical variables from 27 sites resulted in an environmental quality gradient as the primary
PCA axis (eigenvalue, 0.41). Principal components analysis site scoreswere significantly correl ated
with such benthic macroinvertebrate metrics as the percentage of Ephemeroptera, Plecoptera, and
Trichoptera taxa (Spearman R = —0.66, P < 0.001). Index of biological integrity scores for sites
in these three river basins were significantly correlated with this environmental quality gradient
(Spearman R = —0.78, P = 0.0001). The northern Mid-Atlantic Slope IBI appears to be sensitive
to environmental degradation in all three of the river basins addressed in this study. Adjustment
of metric scoring criteria may be warranted, depending on composition of fish species in streams
in the study area and on the relative effort used in the collection of fish assemblage data.

The biological integrity of a site is a measure
of its naturalness; high integrity is associated with
populations of native species that interact under
natural community processes and functions (An-
germeier and Karr 1986). Thus, biological integ-
rity is closely allied with environmental quality,

* Corresponding author: rdaniels@mail.nysed.gov
Received May 7, 2001; accepted March 19, 2002

and an assessment of integrity can serve as a sur-
rogate measurement of health. Karr (1981) intro-
duced the index of biotic integrity (I1BIl) as abioas-
sessment tool that integrates several attributes of
stream fish assemblages and provides a rapid and
relatively inexpensive way to assess the general
health of streams and evaluate environmental
change (Karr et al. 1985). Karr et al. (1986) argued
that management of water resources will improve
if biological indices that incorporate easily quan-
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tified and understood results from biological mon-
itoring are used as a direct measure of water qual-
ity. This concept has been promoted with some
success during the last decade (e.g., Simon 1999;
Angermeier et al. 2000; McCormick et al. 2001).
In the Northeast, 1BIs have not been used widely
except for statewide I1Bls developed for New Jer-
sey, Vermont, and Connecticut (Halliwell et al.
1999; Langdon 2001).

The IBI developed by Karr (1981) for Mid-
western drainages consists of 12 fish community
metrics that include information from the broad
ecological categories of species richness and com-
position, trophic resource use, fish abundance, and
the condition of individual fish in the sample. This
concept, although initially developed for warm-
water streams in lllinois, has been applied effec-
tively in other regions during the past two decades
(e.g., Fausch et al. 1984; Miller et al. 1988; Simon
1991; Klemm et al. 1993; Hughes et al. 1998; An-
germeier et al. 2000; Roth et al. 2000; Schleiger
2000; Smogor and Angermeier 2001). The IBI ap-
proach has a firm foundation in ecological theory,
is simple, is relatively consistent (e.g., Covert
2001), and provides a quantified basis for envi-
ronmental decision making.

We propose a watershed-based 1Bl for three
large Mid-Atlantic Slope basins—the Hudson,
Delaware, and Susquehanna River basins, which
together drain much of New York, New Jersey,
and Pennsylvania. A distinct 1Bl is needed for this
region because the structure of stream-fish assem-
blages in the Northeast differs from that in other
parts of North America. Although we modified the
individual metrics from the Midwestern IBI, we
retained the original rationale for our substituted
metrics, aneed emphasized by Plafkin et al. (1989)
and Barbour et al. (1999). The rationale behind
and validity of the IBI, as applied to northern Mid-
Atlantic Slope drainages, have not been previously
documented, although Angermeier et al. (2000)
and McCormick et al. (2001) developed an index
for the Mid-Atlantic Highlands region, including
upland streams in parts of the lower Susquehanna
River system. We are not proposing a regional or
statewide IBl because (1) streamsin New England
and most of the small, coastal mid-Atlantic drain-
ages are relatively depauperate and require addi-
tional modifications beyond those suggested here
(Miller et al. 1988; Halliwell et al. 1999), and (2)
fish fauna in the western drainages in New York
and Pennsylvania are more diverse than in these
northern Mid-Atlantic Slope drainages. An |BI
originally developed for the Northeast by Miller
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et al. (1988) was found generally to be inadequate
for streamsin the region (Langdon 1989; Jacobson
1994; Kurtenbach 1994; Keller 1995), which led
to the development of IBIs designed for applica-
tion to smaller geographic areas (see Halliwell et
al. 1999). The need to extensively adjust the IBI
by drainage indicates that a regional 1Bl for use
in all northeastern states and provinces is imprac-
tical. Perhaps because of this, the original north-
eastern IBI (Miller et al. 1988) was never widely
used by natural resource management agenciesin
this region.

Several approaches have been used in devel-
oping IBIsfor different regions of the country (Si-
mon 1999). The approach we took in developing
the northern Mid-Atlantic Slope IBI was to com-
bine our general knowledge of fish ecology with
specific data from stream surveys conducted dur-
ing the past seven decades. Survey results provide
data suitable for determining fish assemblage com-
position and structure despite variation in sam-
pling methods and environmental conditions over
time. These data have allowed us to formulate ap-
propriate metrics and develop suitable scoring cri-
teria. The key to the success of any index is its
ability to reflect accurately the system it is de-
signed to examine. An index also needs to be ro-
bust, that is, usable in a variety of studies, re-
gardless of differences in personnel and data col-
lection methods. Our choice of an approach re-
flected our desire to devel op an accurate and robust
index applicable to data collected by a variety of
sampling protocols, not to recommend a particular
sampling protocol.

Our goal here is to present a useful IBI for as-
sessing stream conditions in three northern Mid-
Atlantic Slope drainages that comprise cold-,
cool-, and warmwater fish assemblages. We ex-
plain the reasons for modifying the metrics of ear-
lier indices that were deemed inappropriate for use
with the fish assemblages of these drainages. To
test the usefulness of this IBI, we have evaluated
its effectiveness in assessing environmental con-
ditions at 27 sites in the three drainages, and we
compare the fish IBI results with assessments
based on benthic macroinvertebrate and chemical
and physical habitat data.

M ethods

Historical database—Development of the north-
ern Mid-Atlantic Slope IBI follows the approach
originated by Karr (1981). Establishment of scor-
ing criteria for the metrics requires fish-assem-
blage data from the least degraded sites in a wa-
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Ficure 1.—Mid-Atlantic Slope drainages for which the index of biological integrity (IBIl) was developed. Sites
on the Mohawk River and its tributary, Schoharie Creek, were used to devel op the metrics. Fish, macroinvertebrates,
and information on chemical and physical characteristics were collected at the numbered sites within the Hudson,
Delaware, and Susquehanna River drainages and were used to verify the IBI. Sampling site numbers correspond

to those in Table 2.

tershed to provide a standard, or reference con-
dition, against which other sites in the drainage
can be scored (Fausch et al. 1984). Historical,
quantitative data on fish assemblages in the north-
east are uncommon. When such data are available,
the identification of a reference condition is usu-
ally complicated by the long history of human set-
tlement (Marston and Gordon 1938; Marston
1939).

A comprehensive fish survey of the Mohawk
River drainage (Figure 1) in eastern upstate New

York included information from 864 sites (Moore
1935; field catalogs housed at Cornell University,
Ithaca, New York). The data from that survey are
among the most thorough of any historical data-
base on fish assemblages in the Northeast. Some
of the data are limited, however, because often the
numbers of fishes collected were not recorded. In-
stead, fish species abundance was estimated and
classified in terms of rare, common, many, or
abundant, a subjective approach that probably var-
ied among the many workers. Specimens from
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most sites were preserved and are now stored at
the New York State Museum (NY SM). Seineswere
used as the primary sampling device. The corre-
sponding field notes include little information on
sampling effort or area surveyed, but they do in-
dicate that all available habitats within each study
reach were sampled. Often, associated notes on
flow, bottom type, water temperature, and other
environmental attributes are included.

At the time of the 1934 Mohawk River survey,
environmental change, including the presence of
dams, channelization, pollution, and species intro-
ductions, had already affected the resident assem-
blages of native fish in the drainage. For example,
slopes were deforested throughout the Northeast
in the 19th century, which led to increases in water
temperature and turbidity (Lynch et al. 1984). The
tanning industry that developed on the banks of
upper Schoharie Creek and West Canada Creek,
major tributaries to the Mohawk River, was no-
torious for its release of pollutants into those
streams (Faigenbaum 1935). The unpublished field
notes from the 1934 survey of the Mohawk River
drainage occasionally mention areas affected by
milk pollution or pollution from other agricultural
activities or large numbers of diseased fish. Exotic
fishes such as brown trout Salmo trutta, common
carp Cyrpinus carpio, and largemouth bass Mi-
cropterus salmoides had already become estab-
lished in the Mohawk River drainage by the time
of the 1934 survey (Greeley 1935). Despite these
confounding issues, adequate samples were taken
at enough sites and in sufficient detail to provide
a comprehensive database broad enough to devel-
op metrics 1 through 4, dealing with fish species
richness and composition (Table 1).

The remaining metrics (5-12; Table 1) require
quantitative data on fish species abundance. There-
fore, these metrics and their scoring criteria were
developed by using data collected more recently
in a survey of the abundance and distribution of
fishes in Schoharie Creek during 1982-1983 (R.
A. Daniels, unpublished). In this study, fish were
collected by using seines or a backpack electro-
shocking unit; all captured fish were identified,
counted, and usually released. Voucher specimens
were preserved and are housed at the NYSM.
Mean stream width of the sample reach (m) was
measured at the site. Substrate is represented by
an index (Daniels 1987) calculated by summing
the Wentworth scale rank multiplied by the pro-
portion represented by that rank. Flow (m?3/s) was
calculated from stream width, depth, and velocity
measured at the site with an electromagnetic flow-
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meter. Elevation (m) and gradient (m/km) were
estimated from U.S. Geological Survey (USGS)
topographic maps. Drainage areaupstream of asite
(km?) was measured from watershed maps with a
compensating polar planimeter having an accuracy
of 0.5 km?. For this analysis, values were log-
transformed.

Data from some sample reaches were not suit-
able for use in developing the IBI. Information
from sites was rejected if the site was too close
(1.6 km) to lakes or confluences of larger streams,
canals, dams, or other obstructions, and if data
were obviously incomplete (Fausch et al. 1984).
Sites that included bridges were rejected, but sites
entirely up- or downstream of bridges were used.
Information from upland coldwater sites contain-
ing a maximum of three species and including a
salmonid specieswasrejected (Langdon 2001), but
lowland coldwater sites, which usually have more
than three speciesincluding asalmonid, were used.
Because variation in stream gradient could affect
the scoring of species richness metrics (Leonard
and Orth 1986), we examined elevation as a sur-
rogate measure for gradient, but observed no re-
lation between elevation and species richness for
similar-sized stream sites. These screening criteria
provided 79 sites from the 1934 Mohawk River
survey and 61 sites from the 1982—1983 Schoharie
Creek survey for use in developing metricsfor this
IBI.

Certain metrics require that species be classified
by trophic group, habitat affiliation, or both. We
follow Halliwell et al. (1999) when classifying in-
land freshwater and diadromous fishes found in
the northeastern United States.

Scoring criteria—Two types of data were used
to develop IBI metric scoring criteria. The com-
prehensive stream surveys conducted in 1934 and
1982-1983 provided information on richness and
composition of fish species. We used these data
for therichness metrics (1-4). Stream surveys con-
ducted during 1982-1983 were used to develop
the IBI metric scoring criteria for the abundance
or relative abundance metrics (5-12).

Fausch et al. (1984) presented the maximum
species richness line (MSRL) concept. The MSRL
is based on empirical data that suggest that an
increase in species richness corresponds to an in-
crease in stream size. We used watershed area as
a measure of stream size (Miller et al. 1988) in
this study because the use of stream order (Strahler
1957) may not be the best measure of relative
stream size (Hughes and Omernik 1983). MSRLs
compensate for variation in fish species richness
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TABLE 1.—Metrics, justification for change from those of the Midwestern index of biological integrity (1BI), and
scoring criteria developed for the IBI for northern mid-Atlantic streams. A criterion score of 5 is best. The acronym
MSRL refers to the maximum species richness line, MDL to the maximum density line; both are described in the text.

Metric Metric for Metric for mid-
number Midwestern I1BI Atlantic streams Environmental assessment Justification for change
Resident fish species richness and composition
1 Total number of fish Total number of fish Richness decreases with degrada-
species species tion
2 Number of darter spe- Number of benthic-in- Sensitive due to specific use of Only 6 darter speciesin mid-At-
cies sectivorous species benthic (often riffle) habitats for lantic drainages
reproduction and feeding
3 Number of sunfish spe-  Number of water col- Responsive to degradation of pool ~ Only 13 sunfish (excluding black
cies umn species habitats, loss of riparian vegeta- basses) species in mid-Atlantic
tion and stream cover drainages, usually no more than
3 at any site
4 Number of sucker spe-  Number of terete min- Most are intolerant of habitat and  Only 6 sucker speciesin area. Te-
cies now species chemical degradation and are rete minnow species are widely
long-lived distributed; severa show dis-
tinct habitat preferences and
many are long-lived.
5 Number of intolerant Percentage of dominant  Intolerant species respond rapidly  Intolerance of habitat degradation
species species to environmental change and is difficult to identify. The re-
disturbance placement metric is a measure
of evenness in the assemblage,
which is also a measure of as-
semblage tolerance to degraded
conditions.
6 Proportion of individuals Percentage of individu-  Green sunfish increases in abun- Green sunfish is not native to or
that are green sunfish as that are white dance in degraded streams widely distributed in mid-Atlan-
Lepomis cyanellus suckers Catostomus tic drainages, as is white sucker.
commer soni
Trophic composition
7 Proportion of individuals Percentage of individu-  Omnivores (Schlosser 1982) be- Generalists (Halliwell et al. 1999)
that are omnivores als that are generalists come dominant when certain become dominant under similar
components of the food base circumstances.
become less reliable
8 Proportion of individuals Percentage of individu-  Relative abundance of insectivores Including al insectivores increases
that are insectivorous as that are insecti- decreases with degradation in the number of species counted
cyprinids vores response to availability of the in this metric.
insect supply, which reflects al-
terations of water quality and
instream habitat
9 Proportion of individuals Percentage of individu-  Presence of top carnivores is in-
that are top carnivores als that are top carni- dicative of a diverse and healthy
vores community
Fish abundance and condition
10 Fish per sample Fish per sample Usually, degraded sites yield fewer
individuals than healthy sites
11 Proportion of individuals Percentage of species Assesses the effect of habitat deg- Hybrid fishes are rare. Counts of
that are hybrids represented by two radation on reproductive isola- species represented by juveniles
size-classes tion and adults assess recruitment,
not reproductive isolation and
constitute a valid substitute met-
ric.
12 Proportion of individuals Percentage of individu-  Fish condition is related to habitat

with disease, tumors,
fin damage, or skele-
tal anomalies

als with disease, tu-
mors, fin damage, or
other anomalies

degradation




MID-ATLANTIC INDEX OF BIOLOGICAL INTEGRITY

TABLE 1.—Extended.
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Metric
number

Scoring

Comments 5

10

11

12

Resident fish species richness and composition

This metric should be modified to exclude from the
count young-of-year, exotic, stocked, transient, and
lentic species.

This group includes darters Etheostoma and Percina
spp., certain daces Rhinichthys spp. and other min-
nows, madtoms Noturus spp., and sculpins Cottus

Spp-

These are deep-bodied forms such as sunfishes Lepomis
and Enneacanthus spp., certain minnows Notemigon-
us, Clinostomus, Luxilus, and Cyprinella spp., suck-
ers Erimyzon spp., and yellow perch Perca flaves-
cens, along with surface-oriented fishes Fundulus
and Labidesthes spp. Black basses excluded.

Species include Campostoma, Couesius, Exoglossum,
Hybognathus, Margariscus, Nocomis, Notropis, Pi-
mephales, Phoxinus, and Semotilus.

In the Northeast, native fishes are postglacial migrants <40%
that can tolerate a wide range of environmental con-
ditions

White suckers can dominate degraded sites, athough <3%
their mere presence is not indicative of degradation.

Trophic composition
Generalist feeders consume a variety of foods from a <20%
variety of habitats. Omnivores are species whose di-
ets contain at least 25% plant and 25% animal mate-
ria. All omnivores are generalists but not vice versa
>50%

Metric counts include only individuas that function as >5%
top carnivores, excluding, for example, juvenile
black bass.

Fish abundance and condition

During the 1934 sampling of the Mohawk River drain- >40%
age, 20,516 specimens in 2,086 lots from 483 sites
were collected; of these, only 23 individuals in 18
lots from 17 sites were identified as hybrids. Pres-
ence of hybrids per se is not an indication of envi-
ronmental degradation.
0%

Use of MSRL

Use of MSRL

Use of MSRL

Use of MSRL

40-55%

3-15%

20-45%

25-50%

1-5%

Use of MDL

15-40%

0-1%

>55%

>15%

>45%

<25%

<1%

<15%

>1%
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related to region and stream size (Fausch et al.
1984). Because the first four metrics evaluate spe-
ciesrichness, we developed MSRLs for total num-
ber of fish, number of benthic insectivores, number
of water column species, and number of species
that are terete minnows (Figure 2), based on data
from Mohawk River drainage streams. Scoring cri-
teria for the remaining two species richness and
composition metrics were based on percentage
composition because species richness versus wa-
tershed area relationship was not detected.

Occasionally, the computed index for sites may
fall either on or very near the lines that separate
criteria score regions in MSRL-type graphs. This
makes the scoring of a particular species richness
and composition metric for these sites problematic.
One solution isto assign sites that fall on the lines
a value of either 4 or 2, which compensates for
the variability associated with drafting the graph.
For example, the thickness of the line and the ac-
curacy of point placement will affect the final
score. We used this method for metrics in cases
where scoring was dependent on the MSRL.

Karr (1981) and Fausch et al. (1984) did not
suggest guidelines for establishing criteria for the
number of individuals per sample (metric 10), oth-
er than to state that relative criteriawere used after
conversion to catch per unit effort. In our study,
plotting the number of individuals per 100 m ver-
sus watershed area showed no obvious relation-
ship; therefore, we replaced this metric with aden-
sity measure (number of individuals per 100 m?;
see Miller et al. 1988). Fish density has been
shown to decrease as watershed area (stream size)
increases (Thompson and Hunt 1930; Hallam
1958; Larimore and Smith 1963). This density de-
crease may be wholly or partly aresult of decreas-
ing fish-capture efficienciesin large, deep streams.
The line that forms the upper boundary for about
95% of the sites (Figure 3) isthe maximum density
line(MDL; Miller et al. 1988). The MDL isdrawn
with slope fit by eye (Fausch et al. 1984), and its
intersection with the abscissa provides the focal
point for trisecting the ordinate into criteria-score
regions similar to those of the MSRL. Originally,
we cal culated the upper 90% prediction band about
each regression line (for Figure 3: y = 1.95 —
0.42x;r =—0.57, P < 0.01) asthe MDL. Because
of annual variability in fish population size, use of
prediction bands about the sample are more ap-
propriate than confidence bands about the mean,
and 90% in this case approximated the upper limit
of the data. We favor the simpler technique for
determining the MDL, however, because it cor-

DANIELS ET AL.

20, A

Species Richness

ONA~O®

-
-
(]
o

N Wk OO

—
\

Number of Benthic Insectivores

o

100
Watershed

—_

10,000

OLNWPrNPINPOO

Number of Water Column Species

N WA OO N

—
\

Number of Terete Minnows

o

1 100 10,000
Watershed area (km?)
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water column species, and (D) terete minnow species
richness from the Mohawk River drainage sites, showing
maximum species richness lines and associated scoring
criteria.
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Ficure 3.—Fish density from the Mohawk River
drainage sites, showing maximum density line and as-
sociated scoring criteria.

responds to the way in which MSRLs are defined
and differs little from the upper 90% prediction
band. Specification of the MDL requires that sam-
ple-reach area be recorded in addition to fish abun-
dance. The extratime required to obtain this mea-
surement is compensated for by increased objec-
tivity in scoring this metric.

The IBI is designed as a robust index that can
be modified to suit individual projectsin different
regions. The relation between fish density and
drainage area differs among regions and water-
sheds (Hynes 1970) and therefore needs to be eval -
uated for each watershed. Differences in fish-sam-
pling effort also may warrant adjustments in the
scoring criteria. In addition, regional differences
in the number of fish species among and within
river basins may require adjustments of MSRL
scoring criteria from those that have been devel-
oped here on the basis of the Mohawk River Basin
streams.

Validation of the northern Mid-Atlantic Sope
drainage index of biological integrity.—To assess
the validity of the northern Mid-Atlantic Slope
IBI, we calculated the index scores for 27 sitesin
the Hudson River basin (HDSN), the lower Sus-
guehanna River basin (LSUS), and the Delaware
River basin (DELR; Figure 1; Table 2), and ex-
amined the relation between 1Bl scores and other
biological, chemical, and physical indicators of en-
vironmental quality. In addition to information on
the fish assemblage at these sites, we had access
to information on the benthic macroinvertebrate
assemblage, water chemistry, and physical indi-
cators of water and habitat quality, as well as wa-
tershed characteristics such as land use, human
population density, and watershed size. These data
were collected during 1993-2000 as part of the
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USGS National Water Quality Assessment Pro-
gram (NAWQA; Leahy et al. 1990; Gurtz 1994).
If the fish-based IBI adequately represents biolog-
ical integrity, we expect to see concordance with
assessments based on other biological, chemical,
and physical characteristics (e.g., Allan et al.
1999a, 1999b).

All fish sampling sites were on wadabl e streams
draining watersheds of 19-1,903 km? and were
sampled during summer low-flow conditions.
Sites were selected to represent urban, agricul-
tural, and undisturbed land uses within the study
areas. We eliminated sites proximal to lakes, res-
ervoirs, or confluences with larger streams. We
excluded a headwater site that had only three fish
species and two sitesin the Pine Barrens ecoregion
of New Jersey that were low-gradient coastal plain
streams. Fish were sampled from representative
reach lengths of 150—-320 m and were collected in
1 or 2 passes by electrofishing with pulsed direct
current in an upstream direction. Fishing gear used
(e.g., backpack or tote barge unit; several back-
pack electrofishers) and crew size configuration
were adjusted for flow and water depth conditions
at each site. Fish specimens were identified and
counted, and a subsample of 30 or more individ-
uals per species was measured, weighed, and ex-
amined for anomalies in the field. Some individ-
uals were preserved for laboratory identification
and vouchers for all fish species were retained.
Further details on protocols for sampling fish as-
semblages are presented in Meador et al. (1993a).

In computing the IBI, we did not include the
catadromous American eel Anguillarostratainthe
fish-assemblage calculations because this species
was ubiquitous and did not reflect water or habitat
quality. Brown trout and rainbow trout Oncorhyn-
chus mykisswere not included if they showed signs
of hatchery origin (e.g., frayed, deformed, or
clipped fins, lack of coloration, poor overall con-
dition). We used data from only the first electro-
fishing pass because not every site had two passes.

Benthic macroinvertebrates were collected from
riffle habitats according to Cuffney et al. (1993a).
A modified Slack sampler equipped with 425-pm
mesh netting was held in place while benthos were
scrubbed from rocks within a 0.25-m? section di-
rectly in front of the net. After all rocks were
cleaned, finer substrate was disturbed by stirring
with a metal rod to a depth of 10 cm and then the
area was kicked for 30 s. Each sample was a com-
posite of five collections per reach. Samples were
processed at the USGS National Water Quality
Laboratory according to Cuffney et al. (1993b) and
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TABLE 2.—List of sites from U.S. Geological Survey (USGS) National Water Quality Assessment Program studies
in the Hudson, Delaware, and Susguehanna River basins, from which data were obtained to test the mid-Atlantic index
of biological integrity, 1993-2000. Site locations are shown in Figure 1.

Popula- Forest
Site USGS Basin tion Elevar (%
num- station area density tion basin Dominant
ber number Locality (km2) (per km2) (m) area) land use
Hudson River basin
1 01333500 Little Hoosic River at Petersburg, New York 141 13 179 92 Agricultural
2 01334500 Hoosic River near Eagle Bridge, New York 1,324 56 108 71 Mixed
3 01349150 Cangjoharie Creek near Canajoharie, New York 155 18 104 38 Agricultural
4 01351200 Fox Creek near Schoharie, New York 256 19 195 55 Agricultural
5 01356190 Lisha Kill northwest of Niskayuna, New York 40 525 76 34 Urban
6 01359135 Patroon Creek at Albany, New York 37 965 12 17 Urban
7 01361200 Claverack Creek at Claverack, New York 142 37 43 71 Agricultural
8 0136216850 Roeliff Jansen Kill at Jackson Corners, New York 440 19 20 69 Agricultural
9 01362200 Esopus Creek at Allaben, New York 165 25 304 99 Forested
10 01371500 Wallkill River at Gardiner, New York 1,903 105 57 36 Mixed
11 01372051 Fall Kill at Poughkeepsie, New York 49 413 15 65 Urban
12 01372200 Wappinger Creek near Clinton Corners, New York 233 30 71 74 Agricultural
13 01373690 Woodbury Creek near Highland Mills, New York 29 168 180 78 Urban
14 01374494 Haviland Hollow Brook near Putnam Lake, New York 32 70 131 97 Urban
15 01376500 Saw Mill River at Yonkers, New York 62 1,055 37 38 Urban
Delaware River basin
16 01440000 Flat Brook near Flatbrookville, New Jersey 168 14 106 88  Forested
17 01451800 Jordan Creek near Schnecksville, Pennsylvania 136 63 122 33 Agricultural
18 01464907 Little Neshaminy Creek near Neshaminy, Pennsylvania 72 393 62 36 Urban
19 01470779 Tulpehocken Creek near Bernville, Pennsylvania 185 110 93 13 Agricultural
20 01472157 French Creek near Phoenixville, Pennsylvania 152 61 51 63 Agricultural
Lower Susguehanna River basin
21 01555400 East Mahantango Creek at Klingerstown, Pennsylvania 116 971 158 43 Agricultural
22 01559795 Bobs Creek near Pavia, Pennsylvania 43 11 183 91 Forested
23 01564997 Kishacoquillas Creek at Lumber City, Pennsylvania 149 111 189 30 Agricultural
24 01571490 Cedar Run at Eberlys Mill, Pennsylvania 33 1,213 107 37 Urban
25 01573095 Bachman Run at Annville, Pennsylvania 19 58 120 18 Agricultura
26 01576540 Mill Creek near Lyndon, Pennsylvania 140 289 76 11 Agricultural
27 01577300 Muddy Creek at Muddy Creek Forks, Pennsylvania 186 268 107 30 Agricultural

Moulton et al. (2000). These data were used to
calculate total taxa richness; the number of
Ephemeroptera, Plecoptera, and Trichoptera taxa;
the percentage of taxa that were not insects; and
the percentage represented by the three numeri-
cally dominant taxa.

Stream habitat data were collected according to
Meador et al. (1993b) and Fitzpatrick et al. (1998)
during summer low-flow conditions. Measure-
ments and visual estimates were made at either 6
or 11 transects along the stream reach. Habitat
variables included wetted channel width and
depth, canopy-closure angle, bank-full dimen-
sions, bank vegetative cover, and presence or ab-
sence of erosion. A habitat quality index was cal-
culated on the basis of the following characterisics:
(1) percentage of bank observations with erosion,
(2) an index of bank stability (based on bank
height, angle, substrate, and percent vegetative
cover, as described in Fitzpatrick et al. 1998), (3)
estimates of riparian tree density, and (4) degree

of channelization or other habitat alteration. The
index is described further in Gilliom et al. (1998).
Stream slope was determined either on site with a
hand-held or surveyor’'s level or from 1:24,000
scale USGS maps.

Water column samples were collected by a
depth-integrated, equal-width method and were
analyzed for major and minor ions, nutrients, pH,
total alkalinity, and sediment at the USGS National
Water Quality Laboratory (Shelton 1994). Field
measurements of specific conductance and tem-
perature were made at the time of chemical and
(or) fish sampling. Chemical data from a single
base flow sampling event were used for these anal -
yses; most were August samples. Stream discharge
was determined at or near base flow (usually in
August) during the fish-sampling year from au-
tomated gauging stations or handheld flowmeters.

The dominant environmental gradients were
identified by principal components analysis (PCA)
of chemical and physical variables. Principal com-
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ponents analysis integrates most of the variation
associated with many input variables and creates
a smaller number of synthetic variables called ei-
genvectorsor PCA axes. Multiple axesthat explain
a large proportion of the variation can be inter-
preted in terms of an underlying environmental
gradient. The relation between IBI and environ-
mental quality was then examined by Spearman
rank correlation analysis of the PCA axes. Before
performing PCA, variables were |og-transformed,
square-root-transformed, or arcsine-transformed
to approximate anormal distribution. Variablesfor
PCA were selected to minimize highly correlated
pairs of variables, variables with skewed or oth-
erwise nonnormal distributions even after trans-
formation, variables with many values missing,
and those likely to exhibit high diel variation. We
used DELR fish, macroinvertebrate, chemical, and
habitat data collected during 2000; L SUS data col-
lected during 1993 and 1994; and HDSN data col-
lected from 1993 and 1994 (seven sites), 1993 only
(one site), or 1993 (chemistry and benthic mac-
roinvertebrate data) and 1995 (fish data, seven
sites). Mean values were used for sample siteswith
multiyear HDSN and L SUS data.

Certain adjustments may be warranted in scor-
ing criteria for the NAWQA data set because of
differences in fish faunal composition between
HDSN (including the Mohawk River basin used
to develop scoring criteria) and the other two river
basins and differences between NAWQA sampling
methods and those used to collect the data utilized
in developing the scoring criteria. Thus, we scored
the IBI both with and without any adjustment in
metric scoring criteria and compared the out-
comes. Adjustments were made in metric scoring
criteria for (1) total species richness of resident
fish, (2) terete minnow species richness, (3) per-
centage of taxa with both juveniles and adults
found, and (4) percentage of individuals with
anomalies. These adjustments were done to ac-
count for (1) a substantially richer fish fauna in
LSUS and DELR than in HDSN, (2) larger poten-
tial terete minnow species richness in LSUS than
in the other two drainages, and (3) amoreintensive
and extensive effort in the NAWQA sample and
data-collection methods than in those used to col-
lect the data used to develop the scoring criteria.
Rescaling of the M SRL s was done by selecting the
sites in the top 25th percentile of environmental
quality, as determined by PCA results. Of these
sites, we then selected the site with the greatest
richness values for LSUS and DELR and used
those values as the basis for rescaling the y-axis

1053

of the MSRLs. We also adjusted the anomalies and
juvenile/adult metrics by setting the cutoff values
to correspond to approximately the 25th and 75th
percentile levels from the NAWQA data set.

Results

The IBI for northern Mid-Atlantic Slope drain-
ages differs in several ways from the IBI devel-
oped for the Midwest (Karr 1981; Fausch et al.
1984) and for the Northeast and for New England
(Miller et al. 1988; Halliwell et al. 1999). Eight
metrics in the Hudson, Delaware, and Susquehan-
na IBI differ from those in the Midwestern |IBI
because the fish fauna in the former is less rich
and the assemblage structure less complex and of
more recent origin. Four metrics differ from those
in the northeastern IBI developed by Miller et al.
(1988). Although the Hudson, Delaware, and Sus-
guehanna River drainages differ slightly in species
richness and composition, similarity among the
fish faunas is great (Daniels 1993). Thus, asingle
IBI can be used in these drainages despite slight
drainage-specific differences in species composi-
tion and assemblage structure. Table 1 lists the
metrics developed for the northern Mid-Atlantic
Slope drainages. Included are explanations of what
the metric measures, ajustification for any change
in the metric from the Midwestern IBI, and scoring
criteria. Although most metrics are explained fully
in Table 1, some require additional explanation.

The first metric, a measure of site-specific spe-
cies richness, is the same as the metric used in the
Midwestern IBI (Karr et al. 1986). We suggest that
several types of species can be excluded from the
count (Table 1; Scott and Helfman 2001). The ra-
tionale for excluding these groups is that they are
temporary components to the assemblage and not
ecologically significant in the assemblage struc-
ture. For example, fishes such as bluegills and yel-
low perch, which are typical of stocked upland
ponds, may be washed into the stream or may use
the stream temporarily for dispersal. In developing
this IBI, we included all long-term, resident spe-
cies, whether they were native or naturalized. We
did not include transient or stocked species.

Metric 5, the percentage of dominant fish spe-
cies, represents a major departure from its coun-
terpart in the Midwestern 1BI, the proportion of
intolerant fish species. Intolerant species, those
that are sensitive to habitat degradation (Karr et
al. 1986), would appear to be an ideal group for
assessing water quality. Intolerance of habitat deg-
radation is difficult to identify, however, particu-
larly in the Northeast, where native fishes, as post-
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TaBLE 3.—Correlation coefficients of the loge- or arcsine-transformed data used to develop the 12 metrics of the
mid-Atlantic drainages. Coefficients in bold are significantly correlated at P < 0.05; n = 61.

Metric
Benthic ~ Water
insecti- column  Terete  Dominant White
Metric Richness vores  species minnows  species suckers  Generalists
1. Total number of fish species 0.55 0.72 0.76 -0.59 0.23 —0.05
2. Number of benthic-insectivorous species 0.08 0.54 -0.37 0.23 0.16
3. Number of water column species 0.25 -0.35 -0.10 -0.26
4. Number of terete minnow species -041 0.16 0.16
5. Percentage of dominant species -0.07 0.16
6. Percentage of individuals that are white suckers 0.19
7. Percentage of individuas that are generalists
8. Percentage of individuals that are insectivores
9. Percentage of individuals that are top carnivores
10. Fish per sample

. Percentage of species represented by 2 size-classes
. Percentage of individuals with anomalies

glacial migrants, are present there partly because
they can tolerate a wide range of environmental
conditions. Roth et al. (2000) evaluated two forms
of a species richness metric for intolerant fish—
one ranked species on the basis of information
gleaned from the literature, whereas the second
ranked species based on their presence or absence
at degraded or minimally disturbed sites. Roth et
al. (2000) rejected the use of the literature-based
ranking but found the data-based ranking accept-
able. In the absence of better information on the
tolerance ranges of fishes, particularly minnows
(see Whittier and Hughes 1998), we recommend
the use of percentage dominant speciesin the sam-
ple as a replacement metric. Roth et al. (2000)
evaluated this metric as well and found it satis-
factory. This replacement metric is a measure of
evenness in the assemblage, rather than richness,
and is a measure of tolerance of degraded condi-
tions.

We also considered using the number of exotic
or introduced species as a replacement metric; it
could be a strong metric and clearly is appropriate
as an index that measures the naturalness of a site
(Angermeier and Karr 1986). The simple presence
of exotic species, by definition, indicates that an
assemblage is compromised. A problem with using
this metric, however, is that exotic or introduced
species, as relatively recent introductions to the
fish assemblages, tend to display wide tolerance
ranges for many habitat variables, even if the pop-
ulations are naturalized (Halliwell et al. 1999).
Nonethel ess, the presence of numerous exotic spe-
cies has been associated with habitat degradation
in other areas (Moyle et al. 1982). The designation
of exotic or introduced fish species, inclusive of
transplanted or transient native species (Halliwell

et a. 1999), between and within river drainage
systems can be a difficult task. However, if the
number of exotic fish species metric is to be used
effectively, counts should reflect accurate knowl-
edge of the status of all species in the individual
drainages (Halliwell et al. 1999). Such classifi-
cations are primarily based on the availability of
documented fish stocking/transfer records but ul-
timately will be based on best professional judg-
ment. Problems may arise when there are differ-
ences of opinion in the scientific community. For
example, Schmidt (1986) regarded emerald shiner
Notropis atherinoides in the Hudson River system
as native, whereas Mills et al. (1997) listed the
species as introduced. In the final analysis, care
should be taken to prevent the ** mismeasure of fish
assemblage integrity”’ (Scott and Helfman 2001)
through inclusion of nonnative or nonresident fish
species and artificial inflation of metrics of fish
species richness (Halliwell et al. 1999).

Assessment of the Mohawk River Index of
Biological Integrity

The IBI metrics derived from the Mohawk River
surveys are robust, deal with the major aspects of
the integrity of the fish assemblage, and follow the
criteria that were used successfully by Karr et al.
(1986) in developing the Midwestern IBI. |deally,
correlation among metrics should be low to min-
imize redundancy. For each variable, we used the
log-transformed count or measurement or arcsine-
transformed relative abundance measures from
each site to produce a 12 X 12 correlation coef-
ficient matrix (Table 3). The values used in the fish
richness metrics (1-4) and sample density metric
(10) tended to be significantly positively correlated
with each other but negatively correlated with the
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Metric
Insecti- Top Size-
Metric vores carnivores Density classes Anomalies
1. Total number of fish species -0.04 -0.33 0.59 0.14 0.16
2. Number of benthic-insectivorous species -0.33 -0.16 0.45 0.07 0.23
3. Number of water column species 0.45 —0.45 0.18 0.09 -0.04
4. Number of terete minnow species —0.02 0.18 -0.14 -0.01 0.05
5. Percentage of dominant species -0.02 0.18 -0.14 -0.01 0.05
6. Percentage of individuals that are white suckers -0.15 —0.08 0.28 —0.08 0.15
7. Percentage of individuals that are generalists —0.69 -0.39 0.25 0.02 0.18
8. Percentage of individuals that are insectivores -0.18 -0.22 -0.14 -0.14
9. Percentage of individuals that are top carnivores -0.36 0.01 —-0.05
10. Fish per sample 0.23 0.16
11. Percentage of species represented by 2 size-classes 0.08

12. Percentage of individuals with anomalies

percentage of the dominant species (5). The per-
centages of species with juvenile and adult size
classes (11) and of individuals with anomalies (12)
were not correlated with the other measures used
as metrics. Realistically, development and selec-
tion of metrics that are not correlated with each
other is difficult, so some redundancy is inherent
in 1Bl development. Despite the significant cor-
relations between certain pairs, each metric indi-
vidually contributes information to the IBI score
not found in the other metrics (see Fore et al.
1994).

IBI scores were not significantly correlated with
most environmental variables associated with nat-
ural variation among sites, indicating that scores
do not reflect gross environmental characteristics.
We examined correlations between scores and six
environmental measurements from each site.
Scores were positively correlated with drainage
area (r = 0.30, P < 0.005) and stream width (r =
0.28, P < 0.05) and were negatively correlated
with elevation (r = —0.24, P < 0.10) and gradient
(r = —0.27, P < 0.05). Scores were not signifi-
cantly correlated with flow or with substrate com-
position (P > 0.10). In general, these results in-
dicate that higher scorestend to be found at down-
stream sites. However, weak correlations, and the
lack of significance in the correlation between
scores and some environmental variables, indicate
that the scores are not merely areflection of natural
physical variation among sites.

Validation of the Index of Biological Integrity for
Northern Mid-Atlantic Sope Drainages

Index of biological integrity scores ranged from
14 for an urban—industrial HDSN site to 52 for
an agricultural HDSN site; the median 1Bl score

was 42. Scores yielded IBI classifications (fol low-
ing Karr et al. 1986) of ‘‘very poor’ to ‘‘good,”
with the median site classified as “‘fair.”” None of
the NAWQA sites was classified as ‘‘excellent”
during any year. This is not surprising, given the
extent of human activity in the watersheds studied.
There was no statistically significant differencein
IBI score among study units or ecoregions (Tu-
key's studentized range test on ranked scores, P
> 0.05). Fish assemblage data are reported in Firda
et al. (1993, 1994, 1995), DeLuca et al. (1999,
2000), and Bilger and Brightbill (1998).
Environmental gradients based on chemical,
physical, and macr oinvertebrate variables—Water
quality data are reported in Firda et al. (1993,
1994, 1995), DeL uca et al. (1999, 2000), and Dur-
lin and Schaffstall (1993, 1994, 1995). Use of PCA
of selected chemical and physical variables re-
sulted in three eigenvectors that, together, ex-
plained 61% of the variation among sites. Eigen-
values of axes I, 11, and IIl were 0.41, 0.31, and
0.20, respectively (Table 4). The first eigenvector
(PC1) can be interpreted as a water and habitat
quality gradient, according to correlations (load-
ings) between original variables and eigenvector
site scores (Table 4). Spearman rank correlations
between site scores on PC1 and other biological,
environmental, and watershed variables support
this water- and habitat quality interpretation. Site
IBI scores were positively correlated with per-
centage of urban land in the watershed (0.75, P <
0.0001), human population density (Spearman R
= 0.55, P < 0.01), percentage of macroinverte-
brate taxa richness as noninsect taxa (Spearman R
= 0.64, P < 0.001), and percentage of macroin-
vertebrate abundance composed of the three most
dominant taxa (Spearman R = 0.67, P = 0.0001).
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TaBLE 4.—Correlations (loadings) of environmental variables with site scores on principal components axes 1111
from an analysis of environmental variables collected from 27 sites during summer low-flow conditions. Eigenvalues
are given in parentheses. Correlations of 0.30 or more are shown in bold.

Axis | Axis I Axis 1

Variable Transformation (0.41) (0.31) (0.20)
Alkalinity None 0.36 0.01 —0.04
Chloride Loge 0.40 0.15 -0.28
Discharge Loge —0.03 0.35 0.41
Elevation Square root -0.29 -0.24 0.03
Erosion (%) None 0.21 -0.28 0.32
Habitat quality index None -0.39 -0.01 -0.18
Nitrate + nitrite Loge 0.18 0.04 0.35
Open canopy angle Loge -0.24 0.10 0.31
Organic carbon, dissolved Loge 0.04 0.36 -0.01
Organic carbon, suspended Loge 0.30 0.26 0.29
Percent reach as run None -0.13 0.41 -0.23
Percent reach as riffle None 0.16 -0.33 0.20
Specific conductance Loge 041 0.11 -0.17
Weter temperature None -0.09 0.38 -0.16
Wetted width Loge —-0.18 0.28 0.41

Site scores were negatively correlated with per-
centage of watershed with forest cover (Spearman
R = —0.42, P < 0.05), benthic macroinvertebrate
taxa richness (Spearman R = —0.58, P < 0.01),
and percentage of taxa as Ephemeroptera, Plecop-
tera, and Trichoptera taxa (Spearman R = —0.66
P < 0.001). PC1 was negatively correlated with
elevation (Spearman R = —0.55, P < 0.01) and
drainage area (Spearman R = —0.43, P < 0.05)
but was not significantly correlated with stream
gradient. The second and third eigenvectors are
associated with factors other than environmental
quality. PC2 represents a gradient of natural fea-
tures associated with elevation, stream channel
morphology, and temperature (Table 4). The per-
centage of benthic macroinvertebrate taxa as non-
insects was the only macroinvertebrate metric hav-
ing asignificant correlation with site scoreson PC2
(Spearman R = 0.46, P < 0.05), suggesting the
absence of aclear water quality gradient. The third
eigenvector may be associated with degree of ag-
ricultural influences versus urban influences (Table
4). Site scores were weakly positively correlated
with percentage of watershed occupied by agri-
cultural land (Spearman R = 0.41, P < 0.05) and
percentage of macroinvertebrate taxa made up
Ephemeroptera, Plecoptera, and Trichoptera taxa
(Spearman R = 0.40, P < 0.05) and negatively
correlated with gradient (Spearman R =—0.44, P
< 0.05). These PCA results indicate that the most
important source of variation among sites is that
of environmental quality associated with human
influences. Thus, we determined that PC1 site
scores could function as areasonable surrogate for
agradient of water quality and habitat quality con-
ditions with which to compare our 1Bl results.

Index of biological integrity results after rescal-
ing metric scoring criteria.—Changes in mean |BI
score, after rescaling two of the fish species rich-
ness MSRLs and two of the relative abundance
metric scoring criteria, were relatively small. Me-
dian change was 2 points (minimum 0, maximum
4). Mean scores ranged from 14 to 52, with a me-
dian score of 41. Adjustment scoring criteria re-
sulted in no change in IBI classification for 19 of
the 27 sites, a half-class change (i.e., ‘‘poor’” to
“poor—fair’”) for seven sites, and a complete class
change for a single site.

Correspondence between index of biological in-
tegrity and the environmental quality gradient.—
Index of biological integrity scoresweresignificantly
negatively correlated (Spearman R = —0.78, P <
0.0001) with PC1 (Figure 44), indicating that the
index successfully captures the fish assemblage’s re-
sponse to water and habitat quality for the sites and
range of conditions considered in this study. Index
of biological integrity scores were not significantly
correlated (at P < 0.05) with either PC2 or PC3,
which were inferred to represent gradients not as-
sociated with water or habitat quality. The small
change in IBI score for some sites after adjustment
of metric scoring criteria did not markedly change
the relation between Bl score and PC1 score (Figure
4b; Spearman R = —0.75, P < 0.0001).

Discussion

The IBI metrics developed and the scoring cri-
teria selected were successful in assessing water
and habitat quality for northern Mid-Atlantic
Slope drainages on the basis of fish assemblage
data. The three NAWQA data sets used to test the
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Ficure 4.—IBI scores in relation to decreasing en-
vironmental quality, asrepresented by site scoreson axis
1 (PC1) from a principal components analysis of chem-
ical and physical variables. Panel (A) shows the IBI
calculated without adjustment of metric scoring criteria,
panel (B) the IBI calculated after adjustment of scoring
criteria for selected metrics.

northern Mid-Atlantic Slope IBI were collected
with the same overall study design and protocols.
However, team leaders, crew composition, and
conditions varied among the river basins and, in
some cases, at sites within river basins. The north-
ern Mid-Atlantic Slope IBI appears to be robust
enough to withstand these potential sources of var-
iation. An effective multi-metric biological/envi-
ronmental assessment index should be robust, easy
to use, and based on accurate (although not pre-
cise) data, and the results should be capable of
duplication. This northern Mid-Atlantic Slope IBI
appears to meet these criteria fully. However, we
do not propose that this IBI berigidly adopted and
used without modification. Rather, we recommend
that individual investigators consider modifying
the metrics and scoring criteria as required by the
natural features of the aquatic system under study,
the objectives of the study, and the resources avail-
able to conduct the study.

Recent work (e.g., Lyons et al. 1996; Simon
1999; Angermeier et al. 2000; Roth et al. 2000;
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Langdon 2001; McCormick et al. 2001) has pro-
vided ample evidence that no one set of metrics
or scoring criteriais appropriate for all situations.
Thisis particularly true in the northeastern United
States (see examples in Halliwell et al. 1999).

Scoring criteria can be altered to meet the needs
of modified IBls. For example, all individuals of
fish species identified as top carnivores (metric 9)
in the sample are counted, as recommended by
Karr et al. (1986). In some cases, however, count-
ing only the functional top carnivores and clas-
sifying juveniles and young of year of these spe-
cies as functional insectivores may be more rea-
sonable. Percentages delimiting 1Bl scores may
also need careful assessment. Both the percentage
of dominant species (metric 5) and the percentage
of species represented by juvenile and adult size
classes (metric 11) are heavily dependent on the
amount of effort put into sampling. The scoring
criteria should be adjusted as needed.

Investigators also may choose to broaden or nar-
row the range of characteristics used in scoring
any given metric. Metric 12 in the proposed IBI
represents the count of all fish with anomalies, but
workers may choose to ignore certain conditions
in certain studies. For example, we did not include
blackspot (Trematoda), leeches (Hirudinea), and
other external parasites such as anchorworm Ler-
naea spp. in the NAWQA calculations. Research
protocols, metric definitions, and scoring criteria
should be appropriately developed, on a case by
case basis and take into account particular study
goals and objectives.

The IBI for northern Mid-Atlantic Slope drain-
ages uses 12 metrics similar to those of the Mid-
western IBI (Karr 1981). Each metric represents a
different range in primary sensitivity to changes
in stream biological integrity. Angermeier and
Karr (1986) showed that the amount of information
conveyed by a particular metric varied among data
setsfrom Illinois, Ohio, and West Virginia, all dif-
fering in spatial scale. Therefore, inclusion of all
12 metrics should increase the precision of an as-
sessment of biotic integrity. This is a major ad-
vantage of the IBI over other single- or multiple-
metric bioassessment indices.

Comparisons with benthic bioassessment, chem-
ical and physical data, and watershed variables sug-
gest that the northern Mid-Altantic Slope IBI pro-
posed here is sensitive to measurable environ-
mental degradation. We did not find large changes
in IBI results or I1BI classification after final ad-
justment of selected scoring criteria. However,
even small changes in classification may be im-
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portant, depending on how the information is to
be used. Thus, development of IBI scoring criteria
for particular geographic regions, research proto-
cols, and study objectives may require the collec-
tion of fish assemblage data from a suitable num-
ber of ‘‘reference’” or ‘“‘minimally—impaired”
sites.

The IBI developed here for the Hudson, Dela-
ware, and Susquehanna River drai nages appearsto
have broad applicability and could perhaps be di-
rectly used elsewhere in the Northeast, such asin
the Saint Lawrence River system and the Con-
necticut River drainages. However, most smaller,
interior New England river drainages and small
coastal drainages in New Jersey and on Long Is-
land would be better served by IBls developed
specifically for these areas (Halliwell et al. 1999;
Chang et al. 2000; Langdon 2001). In any case,
IBI metrics may need to be further modified, new
metrics developed, or scoring criteria may need to
be changed as appropriate for observed differences
in regional northeastern U.S. fish faunal assem-
blages.
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